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International application No. PCT/NL02/001 1 9 



I. Basis f the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to ^ 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 
Description, pages: 

1 -4,6-20 as originally filed 

5.5a as received on 10/03/2003 with letter of 10/03/2003 
Claims, No.: 

1-20 as received on 10/03/2003 with letter of 10/03/2003 



2. With regard to the ianguage. all the elements marked above were available or f umished to this Authority in the 
language in which the international application was filed, unless othenvise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the International search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of Intemational preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
intemational preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the intemational application in computer readable forni. 

□ fumished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been fumished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must t)e refened to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1,3-14 
15-20 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1,3-14 



industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1,3-20 



2. Citations and explanations 
see separate sheet 
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EXAMINATION REPORT - SEPARATE SHEET 



Re It m V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

D1: EP-A-0608447 

D2: Journal Of Organometallic Chemistry, Elsevier-sequoia S.a. Lausanne, 

Oh (1999), 592, 84-94 
D3: WO-A-9425416 

1 . Present claim 2 as well as the amendment on page 5 does not meet the 
requirements of Article 19(2) PCT: there is no basis to be found in the application 
as filed for a "pressure from 0,2 to 14 MPa". 

2. The catalyst system used in the trimerization process is known from D2 (as 
already acknowledged from the applicant in the description). 

A catalyst is not rendered novel by the mere fact that this catalyst may be used in 
a novel process. 

Present claims 15 to 20 are thus not novel over the prior art disclosed in D2 (PCT 
Article 33.2). 

3 The claimed trimerization process according to claims 1 and 14 is not disclosed in 
any of the available prior art documents D1 to D3). 

The subject matter of present claims 1 , 3 to 14 is thus considered to be novel over 
said prior art (PCT Article 33.2). 

4. There Is no hint to be found In any of the prior art documents that the catalyst 
system known from D2 could be used In the trimerization of olefinic compounds 
according to present claims 1,3 14. 

In particular the disclosure of D2 leads away from such a use of the known 
catalyst system since it is indicated in D2 (see page 89 left column) that the 
catalyst system used in D2 leads to polymer products. 

The subject matter of present claims 1 , 3 to 14 is thus regarded to be based on an 
inventive step (PCT Article 33.3) 

3. The industrial applicability is given for all claims examined (Article 33.4 PCT) 
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5 ^^O. 

that any activator can be used provided that it is abl to generate 
a cationic transition metal species with a non-coordinating anio^^ 
The term "non-coordinating anion" is meant to indicate the anionic 
part or derivative of the activator, which not or only weakly 
coordinates to the cationic form of the present catalyst system. 

Preferably the activator is methylalumoxane (also known as 
MAO)* The molar ratio of Ti:Al is expediently from 1:100 to 1:1000. 

The present catalyst syst^ can further also coniprise a 
scavenger. Exan^les of a scavenger are i-Bu3Al and (i-Bu2Al)20.. A 
scavenger is normally used to scavenge impurities from a 
polymerisation medium to obtain a high productivity. 

The invention further relates to a process to trlmerize 
olef Inic conq^unds which con^rises carrying out said trimerisation 
in the presence of a catalyst systra, as described above, under 
trimerisation conditions. Such a trimerisation als comprises co- 
trimerisation according to the definition given before. 

The olefin to be trimerized is preferably selected from C2-C20 
olefins or mixtures of two or more of these olefins. The preferred 
olefins are ethylene and 1-butene, more preferably ethylene. 

The tenqperature is preferably in the range of from 20-150oc, 
at a pressure which is commonly in the range from 0,2 to 14 HPa, 
preferably in the range of from 1,5 to 3 MPa. 

The invention will further be explained in the following 
examples . 



Experimental section 
General considerations 

All experiments were performed under a nitrogen atmosphere 
using standard Schlenk and glovebox techniques. Deuterated solvents 
(Aldrich, Acres) were dried over' Na/K alloy and vacuum transferred 
before use. Cyclooctane (Aldrich, used as internal standard) was 
distilled from Na prior to use. Toluene (Aldrich, anhydrous, 99,8%) 
was passed over columns of AI2O3 (Fluka), BASF R3-11 supported Cu 
oxygen and molecular sieves (Aldrich, 4A) . Diethyl ether and THE 
(Aldrich) were dried over AI2O3 (Fluka) and the other solvents 
(Aldrich) were dried over molecular si ves (Aldrich, 4A). Ethene 
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(AGA polymer grade) was passed over BASF R3-11 supported Cu 
scav nger and molecular sieves (Aldrich, 4A) ♦ 

The con^unds 6,6--p ntamethyl nefulvene, C5H5CH2Ph, 
(C5H4C(«CH2)Ph)Li, (C5H4CMe2Ph)TiCl3 (th catalyst us d in 




(43) 

1. A process for the selective trim rization of olefinic 
coiiQ>ouiids under trimerization conditions in the presence of a 
catalyst system, characterized in that said process is effected by 
using a catalyst system which con^rises 

5 A) a cyclopentadienyl titanium complex of fojnDoula 
(Cp-B(R)jjAr)TiRl3 
wherein 

Cp is a cyclopentadienyl type ligand, optionally being 
substituted, 

10 B is a bridging group, based on a single atom selected frc»a 

the groups 13 to 16 inclusive of the Periodic System, 
Ar is a aromatic group, optionally substituted, 
R is, independently, hydrogen, or a hydrocarbon residue, 
optionally being substituted and optionally containing 
15 heteroatoms, or groups R and B are joined together to form 

a ring, 

n is an integer equal to the (valency of B minus 2), and 

R^ is a mono-anionic group, and 
B) an activator, 
20 and wherein said olefinic compounds are selected frcna C2-C20 defines 
and mixtures of two or more of these olefins. 

2. A process according to claim 1, wherein said process is 
effected at a temperature frcHa 20-150 ""C, at a pressure from 0,2 to 14 

25 MPa, preferably 1,5 to 3 MPa. 



3* A process according to any of the claims 1 or 2, wherein the 
single at<»a forming the basis of group B is selected from B, C, N, O, 
Si, P and S. 

30 

4. A process according to any of the claims 1 to 3 wherein the 
single at<mi forming the basis of said group B consists of carbon or 
silicon, 

Ar is phenyl, optionally substituted or being part of a larger 
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arcnnatic ntity, 

Ib a halogen atom, or mono<-anioiiic hydrocarbon r sidu optionally 

containing heteroatoms , and 
n is 2, then R is a mono-anionic hydrocarbon residue, optionally 

containing heteroatoms, or 
n is 1, then R is a di-anionic hydrocarbon residue, optionally 

containing heteroatoms* 

5* A process according to any of the claims 1 to 4, wherein Cp 
is a cyclopentadienyl type ligand being substituted, besides said 
B-(R)n group, with 1 to 8 groups of formula -YR2R3R4 in which 7 is C 
or Si and R2, R3 and R4 are, independently, H, halogen, lower alkyl, 
aryl, lower-alky 1-aryl, aryl-lower alkyl residue, wherein said alkyl 
and aryl are independently substituted or not with one or more lower 
alkyl residues, said alkyl and aryl residues being independently 
provided or not with at least one heteroatom, selected from halogen, 
nitrogen, oxygen, sulfur and phosphor. 

6. A process according to any of the claims 1 to 5, wherein 
said lower alkyl residues, being the same or different to each other, 
are linear or branched alkyl residues, more specifically 
methyl. 

7. A process according to any of the claims 1 to 6, wherein 
said aryl group in the alkylaryl or arylalkyl residue is a phenyl 
group* 

8. A process according to any of the claims 4 or 5, wherein 
said halogen is fluorine or chlorine. 

9. A process according to any of the claims 1 to 8, wherein 
Ar is a phenyl group, substituted or not at the meta-or para*- 

position, 
B is based on a carbon atom, 

n is 2, th n groups R are, independently, methyl, or ethyl; or 
n is 1, then group R is =CH2r or forms when R is C4H8 or C5H20 
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tog ther with group B a dianionic cyclic group 
Cp is C5H4 or C5H3(SiHe3), or C5H3(C£!e2Ph) , and 

r1 is chlorin , methyl, or benzyl* 

10* A process according to any of the claims 1 to 9, wherein 
said titanium complex is supported on a carrier. 

11* A process according to any of the claims 1 to 10, wherein 
said activator is methylalumoxane, a salt of a non-<30ordinating 
anion, or a Iiewis acid capable of abstracting an anion from said 
transition metal complex* 

12. A process according to claim 11 wherein the activator is 
methylalumoxane and the molar ratio of TisAl is from 1:100 to Is 1000. 

13. A process according to any of the claims 1 to 12, wherein 
said catalyst system further con^rises a scavenger. 

14. A process according to claim 13, wherein said scavenger is 
selected from i*-Bu3Al and (i-Bu2Al)20. 

15. A catalyst system for the selective trimerization of 
olefins, characterized in that said catalyst systm comprises 

A) a half-sandwich substituted cyclopentadienyl titanium complex 
of formula 

(Cp-B(R)nAr>TiRl3 
wherein 

Cp is a cyclopentadienyl type ligand, optlnally substituted, 
B is a bridging group, based on a single atom selected from 

the groups 13 to 16 inclusive of the Periodic System# 
Ar is a aromatic group, optionally substituted, 
R is, independently, hydrogen, or a hydrocarbon residue, 

optionally being substituted and optionally containing 

heteroatoms, or groups R and B are joined together to form 

a ring. 
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n is an Int ger gual to th (val ncy of B minus 2), and 
r1 is a laono-anionic group, and 
b) an activator • 

5 16 • A catalyst system according to claim 15, wherein the slngl 

atom forming the basis of group B is selected fr(»a B, C, N, O, Si, P 
and S. 

17* A catalyst system according to any of the claims 15 or 16 
10 wherein the single atom forming the basis of said group B consists of 
carbon or silicon, 

Ar Is phenyl, optionally substituted or being part of a larger 
aromatic entity. 

Is a halogen atom, or mono-anlonlc hydrocarbon residue optionally 
15 containing heteroatoms, and 

n is 2, then R is a mono-anlonlc hydrocarbon residue, optionally 

containing heteroatoms, or 
n is 1, then R is a di-anlonlc hydrocarbon residue, optionally 

containing heteroatoms* 

20 

18. A catalyst system according to any of the claims 15 to 17, 
wherein Cp is a cyclopentadlenyl type ligand being substituted, 
besides said B-(R)n group, with 1 to 8 groups of formula -YR2R3R4 in 
which Y is C or Si and R2, R3 and R4 are, independently, H, halogen, 

25 lower alkyl, aryl, lower-alkyl-aryl, aryl-lower alkyl residue, 

wherein said alkyl and aryl are Independently substituted or not with 
one or more lower alkyl residues, said alkyl and aryl residues being 
independently provided or not with at least one heteroatom, selected 
from halogen, nitrogen, oxygen, sulfur and phosphor* 

30 

19. A catalyst system according to any of the claims 15 to 18, 
wherein said lower alkyl residues, being the same or different to 
each other, ar linear or branched C1-C5 alkyl r sldues, mor 
specifically methyl* 

35 

20. A catalyst system according to any of the claims 15 to 19, 
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